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1.  Preface 

The  V-A  weak  coupling  interaction  —  pointed  out  by 
Feynman  and  Gell-Mann,  and  Sudarshan  and  Marshak  —  has  been 
verified  by  Beta-decay  experiments.  In  our  work,  we  (the 
authors)  feel  that  all  weak  coupling  Hamiltonians  have  the 
same  form;  therefore,  the  (Fermi)  Universal  Theory  of  In¬ 
teraction  is  presented* 

Some  particles  —  such  as  nucleon  —  Interact  rather 
strongly  with  meson  and  K  meson;  other  particles  —  such 
as  mu-meson  —  do  not  manifest  this  type  of  Interaction. 

Due  to  the  strong  effects  of  this  interaction  the  physical 
nuclei  and  the  mu-meson  will  have  different  kinds  of  decay. 
Although  the  form  of  the  Hamiltonian  equation  is  the  same 
In  both  instances,  the  weak  coupling  constant  might  be  dif¬ 
ferent*  The  change  of  the  coupling  constant  due  to  these 
strong  interactions  is  termed  the  regulated  effect. 

Let  the  Hamiltonian  density  of  the  mu -me  son  capture 
1>y  the  nucleus  he 

: . rr.»- . (1) 

where  -A.  -  j 
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is  the  electric  current  vector  of  the  weak  nuclear  interact 
tion;  g0  is  the  unregulated  coupling  constant!  the  indices 
of  the  lower  right-hand  corner  of  the  field  value  yr  indicate 
the  different  particles  with  U,  v,  p,  nj  Ye.  is  Dirac 
representation*  In  E q.  (1),  the  Hamiltonian  density  is  bal¬ 
anced  with  a*  , 4 

Let  the  Initial  state  of  the  atomic  nucleus  be  |i>  , 
and  let  the  final  state  be  lf>-  .  The  fx  -meson  starts  at 
the  lowest  Bohr  orbit  (disregard  the  change  of  the  fx  meson 
wave  function  fix)  on  the  atomic  nucleus),  from  which  we 
can  formulate  the  jtx  meson  capture  by  the  atomic  nucleus  due 
to  the  shifting  of  orbits  as  shown  below  /“see  Notejf: 


where  U/t  Is  the  fx  meson’s  Dirac  spin  moment.  Its  relative 
momentum  PA  =  0,  energy  pAo=mA  (mA  is  the  mass  of  the  meson 
at  rest);  1 3  the  Dirac  spin  value  of  the  neutrino, 

and  its  kinetic  energy  vector  is  k*  Eq*  (2)  is  derived  from 
the  first  order  process  of  Eq.  (1),  with  respect  to  the  weak 
interaction.  In  order  to  integrate  all  the  results  of  the 
strong  interactions  in  the  calculation,  the  Ja(x)  In  Eq*  (2) 
Is  from  Heisenberg's  expression  (for  strong  Interactions), 
and  |3>  and  jf>  are  the  state  vectors  of  the  atomic  nucleus 
(including  the  meson  cloud  Interaction). 

(/*Note7  Prom  now  on,  we  use  the  unit  system#=sc=*  1, 
a*b  m  a0b0,  a  and  a-,  respectively,  are  the  space  and 
time“’components  of  the  four-dimensional  vector  a.). 

Based  on  the  property  of  the  strong  Interaction, 
there  is  no  effect  on  the  moving  group;  therefore,  we  have 


where  ^  is  the  kinetic  energy  of  the  atomic  nucleus.  The 
Initial  state  and  final  state  of  t?  and  p.  and  pf ,  respec¬ 
tively.  Substituting  Eq.  (3)  into  Eq.  (2),  we  obtain 

(4) 

Let  us  first  examine  a  situation  concerning  /*•“  meson 
capture  by  the  proton.  The  Initial  state  is  the  physical 
proton,  and  the  final  state  is  the  physical  neutron.  Ac¬ 
cording  to  the  invariance  of  the  theory  of  relativity, 
<f|JaJi>,  should  be  a  four -dimensional  vector,  and  Its  most 
common  form  Is_ .  . . 

(2»)»<u|./a!p> = -4^  !(?>„)  {?«+  ~ 
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where  Wp)  Is  the  Dirac  spin  momentum,  Pp  and  Pn  ar®  A 
kinetic  energy  vectors  of  the  initial  stfite  proton  and  the 
final  state  neutron;  M  lathe  mass  of  the  nuoleus ;  g,X, 
fa  e,  d  and  f  are  the  quantities  of  the  function 

5  I  *-*«+**•• 


Prom  the  current  density  of  the  original  Hamiltonian 
Jft(x),  there  are  the  following  symmetrical  properties,  let 
p*  and  ne  represent  the  charge  conjugates  of  the  proton  and 
neutron, Respectively  (or  their  their  anti-particles)#  Af¬ 
ter  exchange  #  the  vector  of  the  weak 

interaction  current  ^(x^ftCx)  changes,  sigh, Jgt  the  _ 
pseudo-vector  weak  interaction  current  do®*. 

not  change*  So,  in  <n|  Ja(x)  |p>,  the  same  propertles  sho  1 
be  present*  This  is  due  to  the  relati onship  between  the 
strong  interaction  and  the  above  exchange*  Prom  this  we 

can  prove  that  csd^O*  .  .  _  ,,i 

If  the  strong  interaction  is  not  present,  from  Eq*v,lJ 

and  Eq.  (2),  we  should  get 

(2«)#<to!  «/*(0)  |p>  *  (g  y 

In  other  wordsV~A  and  f  should  equal  zero,  and  gsgp, 
TUI,  Generally  speaking,  the  strong  interaction  not  only 
changes  the  value  of  g0,  it  could  also  add  new  terms  of  cur- 


If  we  consider  the  presence  of  a  strong  interaction, 
then  it  should  not  be  too  surprising  if  we  notice  the  exist¬ 
ence  of  a  very  large  anomalous  magnetic  moment  in  the  nu¬ 
cleus*  During  the  electro-magnetic  interaction,  we  have  not 
only  the  normal  charge-induced  current,  but  also  a  current 
Induced  by  the  anomalous  magnetic  moment*  Similar  phenom¬ 
ena  appear  In  the  decay  problem  too.  Since  the  electro¬ 
magnetic  interaction  current  is  a  vector  quantity,  many 
properties  of  the  current  vector  in  the  weak  Interaction 
are  similar  to  the  electro-magnetic  interaction  current* 

We  can  designate  g  as  the  Beta-charge,  and/t>  as  the  Beta- 

moment  (anomalous).  ^  w  „ 

Prom  the  law  of  constant  current,  the  existence  of  a 
strong  interaction  in  the  electro-magnetic  interaction  does 
not  effect  the  charge  of  the  atomic  proton  and  the  positron. 
Likewise,  the  charge  of  the  other  particles  not  possessing 
a  strong  interaction  —  such  as  electrons  —  remains  un¬ 
changed  with  the  strong  Interactions*  The  strong  interac¬ 
tion  only  changes  the  magnetic  moment  of  the  physical  nu¬ 
cleus.  Likewise,  in  the  weak  interaction,  Gell-Mann  and 
Feynman  discovered  from  decay  of  the meson  that  they  could 
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theorise  that  the  coupling  constant  and  the  coupling  con- 
K  the  Beta-decay  vector  were  • very  cloae  to  "“*  < »«£ 

I  This  states  that  the  strong  interaction  has  little  ef- 

SHi SsffiSSSr 

interaction  S?"ct%f=mSr!ow”fhJld“qml  the  dif- 

of  and  the  same  as  the  charge  of  the  nucleus  and 

the  -fe— ^ 

on  the  process  of  capture  by  the  proton.  Th« -J!*!** ac 
shown  that  if  the  Gell-Mann  and  Peyiwan  hypothesis  is  ac¬ 
curate.  then  the  Beta-magnetic  moment  effect  should  be  p 
■oroximatelT  20^.  Due  to  the  low  probability  of  A  capture 
by  the  proton,  we  have  already  mentioned  the  effects  of  the 
llta-magnetic  moment  on  A  meson  capture  i»  the  mcleus,  so 
tee  can  predict  that  this  effect  would  not  be  too  small.  The 
purpose  of  this  paper  is  to  complete  this  problem.  In  order 
to  arrive  at  the  xaost  general  result »  in  th^s  p&p  ^ 
consldernot  only  the  Iff  cot  of  the  Beta-magnetic  moment , 
but  also,  we  will  consider  the  effect  on  the  f  term. 

in  section  two,  we  shall  approach  tha  general  formu¬ 
lae  of  capture  probability,  the  angular  relationships  be- 
tween^ neutrons  and  the  po&l?edA,  and  polartted  neutrons. 
In  section  three,  we  shall  take  up  the  f?rmlae  for  the 
probability  of  the  /*•'  capture  by  the  P^0ton,  angular  rela- 
tiorishios.  and  the  polarised  neutrons.  In  section  four,  we 
shall  discuss  the  A  meson  capture  by  the  j***1^3^  In 

section  five,  we  shall  discuss  the/d,  meson  capture  by  the 

atomic  nucleus* 


2.  General  Formulae  for  Mu  Minus  Meson  ^Capture  by  .Iftielei 

If  we  represent  the  weak  nuclear  interaction  current 
in  the  nuclear  self-spin  space,  we  obtain 

(7) 

where<r  represents  the  nuclear  self-spin: 
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b  -  + *K+^£*iMw-a + ->'>■ 

-^B.(i-r.)..]..__ _ 


(8) 


In  obtaining  Eq.  (8),  disregard  all  the  square  terms 
of  the  nuclear  velocity,  and  use  the  conditions  £*=0, 
p_ -jv  =-p_»-k •  For  the  sake  of  convenience,  let /t  represent 

A+l,  and  let  f*wf-X.  '  -  -  . 

In  representing  the  /u.  me s on  and  neutrino  self— spin 
apace,  Eq*  (8)  can  be  expressed  in  the  following  form: 


where  n  is  the  unit  vector  parallel  with  the  neutrino  mo¬ 
mentum”)*:  •  In  order  to  distinguish  the  nuclear  self-spin, 
in  Bq.  J9) ,  <&.  is  used  to  represent  the  self-spin  of  the 
/t meson  and  neutrino.  From  Bq#  (9),  we  see  that  A  and  B 
are  the  self-spin  spaces  of  the  /t*  meson  and  neutrino,  re¬ 
spectively*  They  are  independent  of  the  nuclear  self-spin 

and  co-ordinates*  , 

So  far  we  have  only  considered/*'  meson  capture  by 
the  proton.  When  we  treat  the  nuclear  structure  of  the  atom 
and  assume  as  only  nominal  the  effects  of  other  nuclei  on 
the  meson  cloud  of  the  physical  nucleus,  then  the /*■-  meson 
capture  by  the  atomic  nucleus  is  proportional  to  the  fol¬ 


lowing  formula:  . 


(10) 


where  rw(1)  is  the  Isotopic  spin  of  a  neutron  which  is 
changed  from  a  proton.  If  the  nucleon  is  a  proton,  then 
ifc  changes  to  a  neutron  after  the't^Hj)  interaction#  If  it 
is  a  neutron,  then^w(j)  would  produce  a  result  of  zero. 
jfr  and  y<p  are  the  wave  functions  of  the  initial  , State  and 
tne  final  state,  respectively,  of  the  atomic  nucleus.  In 
general,  neutrons  have  enough  energy  to  escapo  from  the 
atomic  nucleus.  So  the  final  state  wave  function  includes 
the  escaped  neutrons  and  residual  nuclear  wave  functions. 
Since  we  have  partitioned  out  the  central  mass  moment  in 
Eq.  (4),  ff  consists  only  of  the  relative  co-ordinates  of  tte 
neutrons  and  the  residual  nucleus.  Therefore,  it  depends 
only  on  the  magnitude  of  the  relative  momentum  P*2Pn+k. 
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Considering  the  property  of  ant  i  -  symmetry  of  the  wave 
function,  Eq*  (10;  can  be  written  in  the  following  form: 


where 


(11) 


(12) 


where  H  is  the  number  of  the  nuclei  in  the  atomic  nucleus* 
Let  si,  be  the  self-spin  value  of  the  escaped  neutrons* 

Using  Eq*  (11),  we  can  write  Eq*  (4) 

Notice  that  <p  (x)  is  the  wave  function  of  the /L  meson 
on  the  lowest  Bohr  orbit;  therefore, 

r  w,\ 


\m\* 


(14) 


where  aD  is  the  Bohr  radius  of  the  hydrogen  atom,  Z  is  the 
charge  of  the  atomic  nucleus*  Prom  Eq.  (13)  and  Eq.  (14), 
it  is  easy  to  arrive  at  the  probability  and  angular  rela¬ 
tionships  of  the  meson  capture  by  the  atomic  nucleus* 

If  the  atomic  nucleus  is  in  the  initial  and  non-po lari zed 
state,  we  obtain 

■ . • . \  yci  y  ■  -  -  ■  • 


'PJM+dpM jdS, 


(15) 


where  E*.  is  the  polarized  vector  of  the  A~  meson  at  the  ini¬ 
tial  state;  J  is  the  sum  of  the  angular  momenta  of  the 
atomic  nucleus  at  the  initial  state;  Sp  is  the  average  mag¬ 
netic  exponent  between  the  initial  and  final  states. 

We  can  express  the  polarized  vector  of  the  neu¬ 

tron  in  the  following  formula: 


(16) 


The  next  problem  is  to  find  Sp.  We  average  the  mag¬ 
netic  exponent  between  the  initial  and  finalSstates,  based 
on  the  property  of  invariance  of  rotation  and  reflection 

space,  . . .  ,r  vv . . 

2^^  J  •  f « . 


0 , 


(17) 


T_  Ea  (17),  the  second  form  should  he  zero,slnce 

Spab*  shore's  P«udc -vector^  "e'r^aMeis’T 

*?  “r  Hzsr-  & 

%  v  are  funotions  of  the  neutron  energy  %.  J**r 

Sf fUent  fwma  because  of  the  different  properties  of 

their  atomic  nuclei* 

In  the  same  way  9  we  obtain 

9p  o<r1a+-»0. 


L£-p9p 

■«  — or»<4  TfG  ot»a  also  jfun^'fci otxs  1>n@ 

^Sertfia  ofliimlSSiel.  /ro»  Bq.  1^“*  Eq-  (17)* 
we  see  that  we  must  find  the  following  forms, 

(1)  Sp^I+iv*,)*-, 

(2)  SpB-d+w^^.  (19) 

(8)  SpB^PXl+^»t«)»!»t.; 

Also,  we  have  to  find  the  following—  for  the  polarization 
of  the  neutron 

(4)  SpA(i+«v?,)B*, 

(6>  SpA(l+«r(,*ir#)B»p+,  '  * 

All  th0|®bgJJtuti^g  the8resultsnohtalnedXfrom  Appendix  I 
-  a.  tp  te«  MeY  and  Ea.  (15),  we  obtain  the  prob- 

Sm!y'aJ£k>  ligilai’relationehlps  of  the  A'  neson^cap- 

ture  by  atomic  nucleus  *  Prom  Eq*  (I®)#  we  oan  g 
polarization  of  the  nuclear  neutron* 

3.  Minus  Mu  Mee on  Capture  bv  the  Proton 

tain  .a^alV^irresSus.'^t/^afSifB  ?L 

stfL-u w-T^s?^ 

self-spin  expression,  it  Is  a  simple  matter  to  g  t 

)g-l,  b-wt,  (21) 

Prom  Eq.  (21) ,  we  immediately  arrive  at  the  Pt  function  of 
Eq*  (17)  and  Eq*.  (18)  •  P#*®*  (22) 

iFa-jr.-l, .,  Jto&gg. 
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!  In  Eg*  (15)#  we  still  must  make  &  minor  correction  — 

when  the  /Ur  meson  is  captured  by  the  proton,  the  final 
i  state  consists  only  of  a  neutron  and  a  neutrino  (no  residual 
nuclei  remain),  and  its  energy  satisfies  the  relationship 


(23) 


When  we  calculate  the  state  number  of  the  final  state,  we 
should  not  re-integrate  into  it  the  term  dPn/(2'K)°*  The 
probability  formula  which  should  be  used  is. 


(24) 


iFrom  Eq.  (17),  Eq*  (18),  Eq*  (24),  and  Appendix  I,  we  can 
[get  the  probability  of  the  yfiT  meson  capture  by  the  proton, 

■  (g5) 

where  . . . r.. 


m  ■ 

f  ! 


and,  therein. 


(26) 

(27) 

(28) 


If,  in  Eq,  (25),  Eq.  (26),  and  Eq,  (27),  we  let  f» 
equal  f-X. ,  and  disregard  all  terms  which  relate  to  f,  we 
will  get  the  results  in  our  earlier  work*  In  this  paper 
we  consider  not  only  the  effects  of  the  Beta-magnetic  moment, 
but  also  the  effects  of  the  pseudo-scalar  coupling  due  to 
the  regulated  effect*  Prom  Eq*  (26)  and  Eq*  (27),  we  can 
see  that  if  f  *  and /Cl*  are  positive,  then  the  effect  would 
be  to  increase  the  co-efficient  of  angular  relationships, 
and  to  decrease  the  probability  of  capture*  Prom  the  pre¬ 
sent  experimental  materials,  we  know  the  value  of  I  Is 

S eater  than  l+5>«i  (approximately  0,4-1  times  greater),  — 
See  NoteJ?*  This  shows  that  f *  is  either  quite  small,  or 
might  even  be  negative.  This  does  not  match  the  estimate 
of  f  *  in  Eq,  (2)  by  using  the  spectrum.  The  estimate  of  f* 
by  using  spectral  analysis  is  a  very  large  positive  value* 
Simultaneous  experiments  to  study  the  probability  of  capture 
and  the  angular  relationships  —  i*e.,  determine  the  value 
of  I  and  att  the  same  time  —  would  help  to  clear  up  this 
problem, 

(/’*Hote_7  Iu  the  comparison  with  experiments,  we  as¬ 
sume  therermi “Universal  Interaction  to  be  correct,  and  the 
coupling  constant  due  to  change  of  energy  not  large.  Then, 
the  values  of  g  and  X.  are  the  same  as  those  developed  in  the 
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T_  Va  (17).  the  second  form  should  "be  aero, 

,  In  sc^#  I*  />  — *A*i«.*n  tj awqvqt?  *  0X18  voctoi1  P  (tho 

Spab  should  be  a  pseudo-  •  &  ^he  residual  nucleus) 

relative  momentum  of  the  neutron  ana  i 

cannot  f orm  |  the  neutron  energy  %.  Jbey 

Sie  d?f?tien?  fSms  because  of  the  different  properties  of 

their  atomic  nuclei#  . 

In  the  same  way,  ,  we  obtain 

^i-SpW-O, 


1 

a/ 4-1 


to  b-Rreb* *B+  (®  *  **)  * 

*  _ _ -  . if- — ■  • -— j 1  ^  ^ 


(IS) 


.  _  £•(+*« — — SreTalso  functicuis  related  to  the 

properties  of  atomic  nuclei#  _From  Eq.  ( l^  and  B<**  tl7)* 
we  see  that  we  must  find  the  following  forms, 

(!)  8P  A(1+<V*#M+. 

(2)  SpB.<l+«v*^**,  {19) 

(8)  SpB.?Cl+orJ,.P-)B.^? 

ilso,  we  have  to  find  the  following  -  for  the  polarization 
of  the  neutron 

(4)  Spd(l+«r„*fc.)B*, 

(6)  SpA(l+<v*#)B-p+, 

All  these  forms  are  presented_  in  Ar._endlx  x 

,t  Ba^^fUr8a8),rard1Il0(il)r-fob“a^PSfprJb. 
ibllit?*id  tSe  S^lar'relatlonehlps  of  the  A-  «P- 

ture  by  atomic  nucleus*  From  Eq#  (16),  we  can  g 
polarisation  of  the  nuclear  neutron. 

3.  Minus  Mu  Meson  Cantu™  by  the  Proton 

When  we  consider  the  A"  capture  by  the  gf°ton,  we  ob- 

^?o?and#MSar”aW4.  neutron.  Fron  the  nuclear 
self-spin  expression,  it  is  a  simple  matter  to  get 

\5-l, . b-«ft,  (21) 

From  Eq#  (21),  we  immediately  arrive  at  the  Fx  function  of 
Eq#  (17)  and  Eq#.  (18)  *  (22) 

ta-JT* z%s_Jte!i2£M 


(19) 
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f , .  ~  jn  (is),  we  still  must  m&ko  a  minor  correction  — 

when  the  /iir  mason  ia  captured  by  the  proton,  the  final 
|  state  consists  only  of  a  neutron  and  a  neutrino  (no  residual 
nuclei  remain) ,  and  its  energy  satisfies  the  relationship 


'■***&*;;  (23) 

When  we  calculate  the  state  number  of  the  final  state,  we 
should  not  re-integrate  into  it  the  term  dPn/(2'ft).  The 
probability  formula  which  should  be  used  is, 

siw*  (24) 

Proa  Eq.  (17),  Eq.  (18),  Eq.  (24),  and  Appendix  I,  we  can 
iget  the  probability  of  the  /iT  meson  capture  by  the  proton. 


where 


and,  therein. 


|  /  «1 + 8&3  ~ Kf  }  ^ 


(25) 

(26) 

(27) 

(28) 


If,  in  Bq.  (25),  Eq.  (26),  and  Eq.  (27),  we  let  f* 
equal  f-x.»  and  disregard  all  terras  which  relate  to  f,  we 
will  get  the  results  in  ohr  earlier  work.  In  this  paper 
we  consider  not  only  the  effects  of  the  Beta-magnetic  moment, 
hut  also  the  effects  of  the  pseudo-scalar  coupling  due  to 
the  regulated  effect.  Prom  Eq*  (26)  and  Eq.  (27),  we  can 
see  that  if  f*  and/*.*  are  positive,  then  the  effect  would 
be  to  Increase  the  co-efficient  of  angular  relationships, 
and  to  decrease  the  probability  of  capture.  Prom  the  pre¬ 
sent  experimental  materials.  We  know  the  value  of  I  is 
greater  than  1+3X  (approximately  0.4-1  times  greater). 

7“ See  Hote_/.  This  shows  that  f*  is  either  quite  small,  or 
it  might  even  be  negative.  This  does  not  snatch  the  estimate 
of  f*  in  Eq.  (2)  by  using  the  spectrum.  The  estimate  of  f* 
by  using  spectral  analysis  is  a  very  large  positive  value. 
Simultaneous  experiments  to  study  the  probability  of  capture 
and  the  angular  relationships  •—  i.e.,  determine  the  value 
of  I  and  att  the  same  time  —  would  help  to  clear  up  this 
problem. 

(/~Note_7  the  comparison  with  experiments,  we  as¬ 
sume  the^Permi “Universal  Interaction  to  be  correct,  and  the 
coupling  constant  due  to  change  of  energy  not  large.  Then, 
the  values  of  g  and  X  are  the  same  as  those  developed  in  the 


Beta-decay.).^  ^  flndlng  the  formula  for  neutron  polar- 


ization,  we  get 


JCl-aP.-nDKa^ -Ca+MP,‘«jB±eP# 


where 


a-2[x(X+l)+|.X+^(X+^74)-f  /'-?/’]. 

-0  j>(X+l)+M‘  (X+l)  +§  M*  (/ +M')+f  (/' +M’)  ]  - 


(28) 


(29) 


(30) 


[(k-l)(M-|«()-(f/'+f)(l+ 

-s(k+f,')(x-1-|-4f). 


w#*)l 


(31) 


Hotioe  in Bq.  (28),  £ represents  the 
in*  direction*  It  has  direction  opposite  to  that  of  the 
neutron.  So,  the  sign  for  a  is  not  the  samehereasthaV 
in  equations  developed  by  Mayeysky  and  myself  in  1958.  _  At 
that  time  we  used  n  to  represent  the  neutron* a 
tion*  Furthermore,  Bq.  (29)  and  Eq*  (31)  are  different  f 
our  1958  work*  This  is  the  result  of  different  handling 
technlques°for  terms  of  higher  powers.  Therefore,  the  for- 
nulae  we  have  presented  In  this  paper  are  accurateupto 

This  is  then  more  accurate  than  what  we  have  done  pre- 

**We  can  see  that  if  f*  and^A'  have  positive  values, 
then  their  interaction  will  mutually  inc?eaJJ  *n 
ficient  b,  and  will  partially  eanoel  each  other  out  in  a 

and  c* 

Wwiia  Meson  Capture  by  the  Radon  Nucleus  .* 

Before  we  go  into  the  complicated  nucleus,  we  will 
first  discuss  a  simple  nucleus  of  the  Radon  atom.  IJnjer 
these  simplified  circumstances,  we  see  certain  properties 

of  the  A"  meson  oapture  by  the  nucleus.  _ 

In  the  case  of  a  radon  nucleus,  since  the  sum  of  self 
spin  is  constant,  the  two  neutrons  of  the  final  state  af® 
either  in  the  self-spin  triple  states  or  In  the  self-spin 
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a-trwrin  state.  Let  <P „ ■  9s*  *■ $  & ,  he  the  final  state  neutron 

in  the  single  state,  triple  sta^e?»Yandy.thexrad^,|hSrCe 
ware  functions,  respectively;  let  X«,  X^,  Xa,  oe  tneir 
self-spin  wave  functions,  respectively.  We  will 
the  tension  force  (i.e.»  the  D  wave  in  the  basic  state  of 
the  radon  nucleus.  From  Eq.  (12)»  we  get 


(32) 


where 


r  is  the  relative  co-ordinates  of  the  nucleus.  Frora  the 
lielf -spin  space,  we  can  show  that  . 

•  '  '  '  '  '  Ws-^-O'+WjiKr,), 

:  XjoyJf,  »~gCl  -t«r,  '&i)  “»  (34)  ■ 

Substituting  Eq,  (32)  and  Eq.  (34)  for  Eq,  (17)  and  Eq.  (18), 
we  get  , 


.  (35) 


i  *•»  •  -'4; 


\iili ikjr  t  v 


(36) 


Substituting  Eq.  (35)  and  Eq.  (36)  into  Eq.  (17),  Eq.  (18), 
and  Eq.  (15),  observe  that 


After  integrating  the  energy  of  the  neutrino,  we  get 


1 


fM  (37) 

where 

(1+3) /„+i [8XH3X(V-/) +-x (#**+ y /") ] C*^+/J.  ( 38) 

«p-ci+3)i;,-i[x»+3w+n+^^*-^] (39) 


♦  .  ■■'.  .  .•...,  ■  ■■ , 


ktritk 


(40) 


Since  the  Values  otfizs'k/to  and  k  are  related.  In  Eq# 

(38) ,  and  Eq.  (39),  we  should  replace  the  with  its  average 

& # 

ttberall  and  Wolgenstein  disregarded  the  case  of  Beta- 
magnetic  moment  in  the  calculation  of  the  /*■"  meson  capture 
by  the  radon  nucleus.  If  we  let/^-O,  in  Eq.  (38)  and  Eq, 

(39) ,  and  disregard  the  higher  order  of  infinitesimals  — 
i,e,,  all  terms  proportional  withfi^  —  then  our  formulae 
agree  with  tJberall  and  Wdjgenstein,  so  we  need  not  repeat 
them  here,  Notice  that  the  Beta-magnetic  moment  can  alter 
the  values  of  I6  and  a0  up  to  approximately  20$,  Ij.  j  and 
1*^4  have  been  Integrated  Into  the  uberall-Wolgenstein 
formula. 

In  the  same  way,  we  can  find  the  neutron  polarisa¬ 
tion  equation 

[  ip(i +c^,»pw/y,)^i)>  rf+«^»x  Bi/fn,,  (41) 


where 


(42) 

6-i3{0*'+/,)(x+|M')(^f*+2»•iH)+(l+f)<M, +/')«•(!/;, +«4  (43) 

'  *  * 

e~| (x+f^){(x-f  /,J<4+8BeI#)  +{i+|)b«(21<,+I-)}  ,  '(44) 

••  i  '  '  .  *  ■ 

J--f  (1+4Xk+l,‘')Im(*'“+i;')'_' _  (45) 
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rMfcv  ' .  , 


IP m 


(46) 


In  Eqs.  (42)  to  (45),  let/F-0 ,  and  we  will  obtain 
the  results  which  have  already  been  achieved  earlier. 

In  the  same  way,  we  ean  calculate  the  difference  of 
the  probability  of  A” meson  capture  under  dissimilar  hyper- 
fine  conditions.  Let  X+and.X.Jbe,  respectively,  the  prob¬ 
abilities  of /£* meson  capture  in  F  3/2  and  F  1/2.  F  is  the 
total  angular  momentum  of  the /r meson.  Then,X*  2/Z'\$l/Z\+ 
can  be  taken  as  the  average  capture  probability,  and  we 
easily  arrive  at  _  •  ' 


(47) 


where 


(48) 


If  we  do  not  consider  the  mutual  Interaction  of  neu¬ 
trons  in  the  final  state,  then  Igs  Itt.  Hence, 


(47*) 


where 


»  mmsmtmMmm. .  m .  ssi 


(48*) 


If  we  let /£-Qp  we  will  arrive  at  the  conclusions  of 
the  Bernstein  Equation. 

For  other  atoraie  nuclei,  if  we  use  the  Fermi  gas 
model,  we  will  get 

’  $6fe  i  (49) 

where  I  is  the  self-spin  of  the  atomic  nuclei,  L  is  the 
angular  momentum  of  the  proton  in  the  initial  orbital  state. 
*b  and  a  are  given  in  the  Appendix  II : 
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Z. is  the  charge  of  the  atomic  nuclei,  £  la  one  factor  in 
the  Pauli  Interaction.  In  cases  where  we  disregard  the 
Beta-magnetic  moment,  we  will  see  how  Eq,  (49)  derives  from 
ttberill  and  Wolgensteln.  When  we  find  Eq.  (49),  we  can  use 
a  technique  similar  to  that  employed  by  Bernstein-Primakoff . 

Prom  Eq.  (48* ),  we  can  see  that  if  f*  is  very  small 
or  negative,  then  because  of  interaction  of  the  Beta-mag¬ 
netic  moment,  both  a  and  b  will  increase  about  205®,  and 
their  ratio  will  remain  relatively  unchanged.  If£f  *  is 
positive  and  very  large,  then  it  is  possible  to  diminish 
this  difference# 

5#  Minus  Mu  Meson  Capture  by  Atomic  Nuclei 

Since  we  lack  a  complete  understanding  of  the  struc¬ 
ture  of  atomic  nuclei,  and  without  accurate  wave  functions 
of  the  atomic  nuclei,  it  is  impossible  to  accurately  calcu¬ 
late  the/ir  meson  capture  by  atomic  nuclei# 

There  has  already  been  some  work  done  in  hypothesiz¬ 
ing  that  we  can  use  the  Fermi  gas  model  or  the  independent- 
particle  model  as  approximations  upon  which  to  calculate  the 
probability  of meson  capture  in  atomic  nuclei.  In  none 
of  this  work  were  the  effects  of  the  Beta-magnetic  moment 
considered# 

In  this  section  we  shall  use  the  independent-particle 
model.  Blokhintsev  and  Dolinsky  used  this  model  to  calcu¬ 
late  the/4  meson  capture.  We  will  use  their  computational 
results  in  our  calculations* 

Based  on  the  work  of  Blokhintsev  and  Dolinsky,  we 
have  the  following  conclusions  about  the  F^  functions: 

The  inter-relationships  of  the  Blokhintsev -Dolinsky 
functions  A0,  A1#  k2i  B0,  Bv,  and  Be,  and  the  functions  P#, 
are  as  follows: 

ME*)  - 

_ _ _ _ (  (50) 

Prom  Eq.  (50)  and  Bq.  (49),  we  can  express  the  probability 
and  the  angular  relationships  of  the  AZ meson  capture  by  the 
atomic  nucleus  as  follows :  ,  (5$ 


,  I 
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where 


+{i^-fi/,,‘f|)4(^)-. 


(52) 


-i«»(l-x*)fi« (*$+(l~*  V rX/')fit  ($*>  +  (;4  “'|'^*  *T^* )M®*M 53) 

BloKhintsev  and  Dolineky  calculated  the  ^0%)  and 
Bn(%)  functions  of  the  Ca*50  and  0**  nuclei.  We  need  only 
cJ&nge  the  co-efficients  preceding  A,  and  in  order  to 
determine  the  contribution  of  the  Beta-magnetic  moment. 
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APPENDIX  1 

(1)  Asp  (!-*„•»), 

(2)  A»p  B.  (1 +*„.»„)  *-£  {  [  8X’ +mw-n  +f(M',+4r  )}  + 

+  [x*+XJ8(2M'+/,)+f(M’,“-5'/’,)]PM*»}  -  ' 

(3)  Asp  [A^l+<rM*F.)B*+B(i+^*^M+3  “ 

tm  '•  \  '  i  •'  '■*'■ 

'4>  Asp  [4(1+ < ^(l+|^+|-M’)P*xn, 
C5)  Asp  Bx(l+^.P^B+«-^{(^fM,XX”f/,)f^ 

+f(M,+/')'(x+f/»,)p.-»+(x+fM,)i«}.  ' _ ;•  .  _ 


APPENDIX  XX 


Under  varying  experimental  conditions,  the  atomic 
weight  of  the/r  meson  in  the  hyperfine  nuclear  structure 
may  he  different#  In  addition,  in  the  polarized  target 
experiment,  the  (/«rp)  system  in  the  initial  state  may  also 
vary  according  to  differing  conditions  and  experimental 
techniques.  Under  the  most  usual  circumstances,  the  initial 
state  density  of  the  orbitals  would  have  the  following  form: 


\t>m  1/4  (i+nOPj+r^+frv^), 

where  PB  is  the  polarized  vector  of  the  proton  in  the  ini¬ 
tial  s^ate#  The  magnitude  of  £  is  related  to  the  atomic 
weight  of  the  (A”p)  system  in  different  hyperfine ‘structures# 
We  shall  not  discuss  the  magnitudes  of  Pp,  and  £  •  But, 
wi  will  use  the  P  to  calculate  the  probability  of /r  meson 
capture  by  the  proton,  angular  relationships,  and  the  neu¬ 
tron  polarization#  When  we  compare  the  theoretical  and  the 
experimental  aspects,  we  should  Judge  the  magnitudes  of  F^*-, 
Bp,  and  £,  based  on  the  whole  body  of  experimental  condi¬ 
tions#  This  is  a  complicated  problem  and  we  shall  not  dis¬ 
cuss  it  here* 
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where 


The  computation  is  as  follows; 

1*  Probability  of  capture  and  angular  relationships* 

fifes**  (&»)**< 


!?-£[%*+  (i+f)  (fr-x)  w/f +-£-#**]. 


2*  Ueutron  Polarisation 
■  JT Ci  —e*^. -a — y^1,, **i<is*> **•  [a + *'  b 4- eP^* n|a -f $?„  + *?,,  ’ 

where 


;b-*[xa^>^-V+i8K(X*^74)- 

!  ■■  /  ; 

.  <<«  ■(*  “  -^“/l*  -i  , . 

Under  normal  circumstances,  dw  denotes  the  factor 
of  probability  (l/4*)  (#ag)~*  of  the /l  meson  in  the  nucleus 
which  should  be  replaced  by  1^(0)  I*  ,  where  f»(r)  is  the 
wave  function  of  the  A  meson.  ~ 

When  the /&"  meson  atom  is  In  the  hyperflne  state  F=l, 
Its  capture  probability  X+can  be  ascertained  from  the  above 
equation  —  if  we  let £*1/3* 

;  •  *  If 

When  expressing^*  we  disregard  all  those  terms  pro* 


portional  to/?®#  Let  £s~l,  and  we  will  gat  the  probability 
of  A- of  the /(Tmeson  capture  in  the  state  of  F=Of 

|  X_« (i+8X)»+/8(l+3X+8^t6XM’-4X/’+^,+/0(l+X)). 

Using  the  abovs~mentioned  \+and  A-we  now  obtain 


where 

g^iH-ite^a^g 'tQHrfa.  - .-v ;  1:4 
In  the  above  equations,  we  disregarded  all  terms 
proportional  to 0Am  In  the  above,  although  we  only  obtain 
the  probability  of  the/ir  capture  by  the  proton  in  the  hyper- 
fine  state,  if  we  assume  the  accuracy  of  the  Fermi  gas  model 
approximation,  then  we  can  obtain  Eq.  (49)  in  seotion  four# 
The  a  and  b  in  Eq#  (49)  agree  with  the  a  and  b  found  above 
in  the /u  capture  by  the  proton* 
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